Spiral architecture photonic crystals have been fabricated in a negative-tone photoresist SU-8 by direct laser writing. These photonic crystals are self-supporting and highly-periodic, and exhibit photonic attenuation in the range of 1.7 to 5.0 µm.. Photonic crystals 1, 2 are artificial dielectric materials with a spatial periodicity the order of optical wavelength scale, and can produce a photonic band gap (PBG) effect where optical modes falling within certain frequency ranges are strongly modulated. Photonic crystals constitute an integral and important part to modern optoelectronics. A three-dimensional photonic crystal having a full PBG is highly desirable but is difficult to realize with many existing microstructuring techniques. Direct laser writing (DLW) provides an ideal channel for quick and versatile prototyping, due to its intrinsic patterning capability.
Here we report on using DLW to fabricate a recently proposed class of photonic crystals based on spiral architecture 3 . It has been shown that the spiral architecture photonic crystals have a theoretical wide PBG due to its strong diamond connectivity. However due of its more complex profile it is not amendable for construction by many existing fabrication methods, such as semi-conductor techniques, multi-beam interference or self-assembly. Hence the study and implementation of this class of photonic crystal receive relatively lesser attention, as compared to the woodpile configuration. In this work, femtosecond laser pulses are tightly focused by a high numerical aperture objective lens to photo-modify and imprint the spiral patterns onto a commercially available negative-tone photoresist called SU-8. By tailoring the pre-and post-processing conditions for the photoresist, and carefully adjusting the irradiation conditions, the elemental rods that make up the extended spiral structures can be constructed to have dimensions between 200 to 350 nm, hence achieving sub-diffraction limit processing. The photonic crystals obtained are of good structural stiffness, as can be seen from their ability to self-support. Using Fourier-transform infrared (FT-IR) spectroscopy for optical characterization, it is found that these spiral architecture photonic crystals exhibit pronounced photonic attenuation in the range of 1.7 to 5.0 µm. This results is encouraging and suggests strongly that photonic crystals with stop gaps near the telecommunication wavelengths of 1.5 µm is achievable by further downscaling of the periodic spiral structures, which is part of our work in progress. 1 shows a schematic of the spiral structure. a is the lattice period, L is the arm length of the spiral, and c denotes the pitch 3 . The laser source used is the Hurricane X system (Spectra-Physics), which emits ultrashort pulses of duration 120fs with central wavelength λ=800nm. Femtosecond laser pulses are lead into an optical microscope housing an oil-immersion objective lens (NA=1.35). The SU-8 sample is affixed to a nano-positioning piezoelectric stage (P517.2CL/518.ZCL, Physik Instrumente) that has maximum translation range of 100 µm. A computer program with pre-defined data of the spiral structure profile is used to control the piezoelectric stage throughout the patterning. Tight focusing of the laser pulses is achieved by the objective oil lens. Only irradiated areas are photo-modified and curing is achieved in a post-bake treatment. A subsequent chemical development is used to remove the unexposed regions, leaving the intended final structure. Fig. 2 shows scanning electron microscope (SEM) images of the fabricated structures. Fig.  2a shows a perspective view of the photonic crystal belonging to the class of [001]-diamond:5, where adjacent square spiral columns are interlaced. Fig. 2b shows an enlarged corner view of non-interlaced square spiral columns of the type [001]-diamond:1. This structure has a fine lattice period of 1 µm, and exhibit photonic attenuation near 1.7 µm (not shown). Fig. 2c shows circular spiral structures 4 with phase shift between adjacent spiral columns, a more complex-variant to the square spirals. Fig. 2d shows a non-functional L-shaped waveguide implemented on the surface of a photonic crystal, which demonstrate defect engineering is possible with no apparent deterioration to the structural integrity of the photonic crystal. Notice that in all the fabricated structures, the spiral columns are highly periodic and robust, and the overall extended structure is able to self-support. In summary, we have successfully used direct laser writing to pattern complex frameworks like the spiral architecture photonic crystals 5 . The fabricated structures obtained are highly periodic and robust, and exhibit respectable photonic attenuation in the range of 1.7 to 5.0 µm. Although SU-8 has a low refractive index (~1.6), this can be improved by infiltrating the structures with a material of high refractive index, and subsequently removing the SU-8.
